Objective: To assess the relationship between early laboratory parameters, disease severity, type of management (surgical or conservative) and outcome in necrotizing enterocolitis (NEC).
Introduction
Necrotizing enterocolitis (NEC) remains one of the commonest surgical emergencies in neonates and has a high mortality. 1, 2 In the early stages of the disease, the clinical presentation is often rather nonspecific. Diagnostic tests and therapeutic management are thus often based on the experience of the physician involved, and there is great variation in the clinical, radiological and laboratory evaluation. It would be valuable to establish objective diagnostic and prognostic indices to guide physicians on the expected course of the disease.
Thrombocytopenia and alteration in leukocyte count are commonly observed in severe NEC. 3, 4 However, these changes are late signs and are thus not very helpful for decision making and risk stratification in the early phase of the disease. Recently, C-reactive protein (CRP) has been described to be abnormal in advanced NEC. 5 However, the value of CRP measurement for therapeutic decision making or assessment of prognosis remains uncertain. Other analyses that have been described in infants with NEC include procalcitonin, interleukins and platelet-activating factor, 6, 7 but their clinical usefulness has not been established.
Another parameter that has recently gained attention is lactate. Blood lactate level has been shown to be markedly elevated in gut ischemia with endotoxic shock. 8 Furthermore, elevated lactate has been correlated to advanced disease in NEC. 9, 10 However, most studies of markers in NEC only include small numbers of patients and therefore lack statistical power. 5, 9, 10 In the present study, we retrospectively evaluated clinical and laboratory parameters in a large cohort of infants presenting with NEC. The primary aim was to determine the relationship between pre-intervention laboratory results (preoperative or before the decision to treat conservatively), disease severity (Bell stage 11 ), birth weight (BW) and gestational age (GA), and survival. Secondary aims were to determine if there was an association between the pre-intervention laboratory results and the type of management undertaken (surgical or conservative), and whether there was an association between type of management and survival.
Materials and methods
The charts of all neonates evaluated by a pediatric surgeon for treatment of NEC from 1980 to 2002 (23 years) in a single hospital (University Children's Hospital, Mainz, Germany) were analyzed retrospectively. Infants who did not undergo surgery had enteral feeding withheld and received antibiotic therapy for at least 5 days.
The following parameters were recorded: BW, GA, sex, type of treatment, severity of NEC (Bell stages I to III 11 ), pre-intervention blood parameters (blood cell counts, hemoglobin concentration, lactate, CRP) and survival (to hospital discharge). Blood cell counts were performed with a Coulter counter (Coulter Electronics, Harpenden, Herts, UK), lactate was measured by a blood gas analyzer (Radiometer, Copenhagen, Denmark) and CRP concentration was determined by nephelometry (Behring, Marburg, Germany).
Statistical analyses were performed using SPSS software, version 12.0 (SPSS, Chicago, IL). An unpaired t-test was used to analyze differences between groups. The Mann-Whitney rank sum test was applied when values were not normally distributed or when variance was different between groups. Associations between two variables were determined by Pearson's and Spearman's rank correlation. P<0.05 was considered significant. Data are presented as means±s.e.m., unless otherwise specified. Numbers in brackets indicate ranges. Receiver operating characteristic (ROC) curves were used to examine the relationship between specificity and sensitivity. A perfect test would have an area under the ROC curve of 1.0. All parameters were evaluated alone and in combination via different scores.
Results
Among a total of 171 infants treated for NEC from 1980 to 2002, data were sufficient for analysis from 128 patients. There were 72 male and 56 female infants. The mean BW was 1507±64 g (450 to 3600 g) and the mean GA was 31.0±0.4 weeks (23 to 41 weeks). Thirty-three infants were small for date. Twelve infants were born full term, the remaining were born preterm. Mean age of onset was 16.3±1.1 days. Treatment was operative in 91 and conservative in 37 babies. Survival rate did not differ between infants requiring surgery or medical management (P ¼ 0.39) ( Table 2 ). However, infants who died had a significantly lower GA (P<0.001), lower BW (P<0.01) and higher Bell stage (P<0.05) than infants who survived (Tables 1 and 3, respectively) . Table 1 illustrates the correlation between laboratory parameters and severity of NEC. CRP was considerably lower in Bell stage I than II/III (P ¼ 0.001). In Bell stage III, leukocyte counts were lower than in Bell stage II (P<0.05). Only leukocyte counts differed significantly between operated and conservatively treated infants (P ¼ 0.05) ( Table 2) .
Survival tended to be lower with decreasing platelet count and was strongly correlated to the preoperative lactate concentration (Table 3) .
ROC curves were drawn for the prediction of survival by GA, lactate and platelet count ( Figure 1) . Cutoff values were evaluated to be optimal via ROC analysis at a sensitivity and a specificity of 0.5, respectively. Out of different possible composite scores, the one with the highest area under the receiver operating curve (AUC 0.81, Figure 2 ). The scoring system was developed as follows: (Table 4) . Sensitivity and specificity for predicting survival by the developed NEC-score was 0.71 and 0.72, respectively. The predictive potential for survival was superior using the score than using single parameters. The optimal cutoff value was at 4.5 out of eight possible points.
Discussion
No difference was found between infants managed operatively or conservatively in GA or in pre-intervention laboratory values except for leukocyte count. We therefore suggest that these parameters had only a small influence on the decision whether to operate or not. Differences in the personal experience of the physicians involved and improvements in neonatal intensive care may have affected the decision to operate. The lower leukocyte counts we found in surgically treated infants as well as in Bell stage III (P ¼ 0.05) are in keeping with previous findings. 3, 12, 13 However, neither in the present study nor in another study by Voss et al.
14 of infants with a mean GA of 31 weeks, were there differences in leukocyte count between survivors and non-survivors. However, in more mature infants with NEC, low leukocyte counts were associated with increased mortality. 15 Platelet counts have been described to be significantly lower in non-survivors, 16 and correlated with adverse outcome when below 100 Â 10 9 /l. 4, 16 Even though we observed a tendency toward lower platelet counts in more severe NEC and in non-survivors, the differences were not statistically significant, as was also found in some other studies. 3, 14 Nevertheless, the AUC for prediction of poor outcome was 0.59 and inclusion of platelet count into the NECscore increased its predictive power. As Ragazzi et al. 17 found considerably lower platelet counts in a cohort of more mature infants, the extent of platelet drop may also depend on the maturity of the infants. However, as in the study by Ragazzi et al., 17 mortality was even higher than in our patients (28.8 vs 19.5%), other factors such as different surgical strategies might have major influence on the differences between the study populations. In addition, the platelet counts reported in the current study were not the lowest counts during the course of the disease, but the early results at the time the decision for surgery or medical management was made.
CRP was abnormal in Bell stages II and III as was also observed in a prospective study on 55 infants with NEC by Pourcyrous et al. 5 It has therefore been hypothesized that persistently elevated CRP may suggest associated complications and may indicate the need for surgical intervention. 5 According to our results on 128 infants with NEC, an early CRP level did not show any relationship to type of management or to survival. However, as the design of the present study was retrospective and repeated measurements were not recorded, the potential predictive value of repeated measurements remains to be prospectively evaluated in a large patient cohort.
Serum lactate concentration is commonly used as an indicator of mesenteric infarction or peritonitis in adult surgery. 18, 19 In experimental studies, lactate concentration was found to increase rapidly after onset of intestinal ischemia. 20, 21 Increased urinary D-lactate excretion in neonatal NEC 10 may, therefore, possibly be due to intestinal ischemia. Blood lactate changes have previously been reported in only one study of 24 patients with NEC, and the changes only showed a nonsignificant trend toward higher lactate concentrations in non-survivors. 9 We believe this is the first study on a large patient cohort in which the changes in blood lactate were correlated with outcome. Even though differences in lactate level between the medical and surgical groups were not evident, there was a significant correlation of lactate levels to mortality.
To enhance the predictive value of laboratory parameters, scores combining cell counts and blood gas parameters have already been developed with a retrospective design. 22 The currently proposed score is to our knowledge the first means of early-risk stratification with a high AUC according to ROC analysis. The score includes rapidly and easily available clinical, radiological (Bell stage) and laboratory parameters, and would thus be feasible to use in the routine clinical setting in most centers. However, the score has obvious limitations. The discriminative ability remains low as, at Prognostic markers in neonatal necrotizing enterocolitis U Kessler et al a score of 5 to 7 points, the survival rate is quite high. Additionally, results of promising scores such as ours and the score of Gupta et al. 22 should be interpreted with caution because the scoring systems have not yet been prospectively evaluated. Therefore, scoring scales in NEC can so far only be of limited use in clinical decisions, and decision making in NEC in practice reflects the experience of the examining physician.
The present study leaves some questions unanswered. As circulatory parameters and microbiological results were not recorded, it remains unclear, to which extent different types of NEC (primarily infectious, primarily ischemic) might affect the laboratory parameters. Also only a small number of patients with stage I NEC were included. As a result of the retrospective single center study design, the changing neonatal cohort over a period of 20 years may not be representative of the population of a neonatal care unit today. We cannot completely exclude some contamination with infants suffering from spontaneous intestinal perforation (SIP) rather than NEC. However, because the average time of disease onset in our study was after the first 2 weeks of life, and the average BWs and GAs were above those of patients who acquire SIP, it is unlikely that many of the neonates were suffering from SIP.
We conclude that leukocyte count or CRP may be warning signs, but do not help for a diagnostic or prognostic evaluation Figure 1 ROC analysis of early parameters predicting adverse outcome. ROC curves: prediction of survival by platelet count, GA, lactate and NEC-score. For platelets, GA and lactate, values (indicated by arrows) ranging below a sensitivity of 0.5, between a sensitivity and a specificity of 0.5 each and above a specificity of 0.5 were chosen as cutoff values for 0, 1 or 2 points of the NEC-score (Table 4) , respectively. From the area under the ROC curve (AUC), the NEC-score has the highest predictive value for poor outcome. The optimum cutoff value for the NEC-score is 4.5.
in NEC. Increased lactate concentration is more useful for the prediction of survival in NEC. Optimal risk stratification may be achieved by combining several parameters in a scoring system. Validation of our NEC-mortality score in a larger prospective multicenter observational study is desirable. Abbreviations: GA, gestational age; NEC, necrotizing enterocolitis.
